Objective To study the differences in perinatal outcomes after frozen embryo transfer cycles using autologous or donor oocytes in women of advanced maternal age. Design Historical cohort study. 
Introduction
Changes in the social, cultural, and professional attitudes in the last several decades have led to a trend of delayed female reproduction. The mean maternal age of the first live birth has increased from 24.9 years in 2000 to 26.3 years in 2014 [1] . Diminished ovarian reserve associated with advanced maternal age and iatrogenic causes such as cancer treatments have resulted in a greater utilization of oocyte donation as a means for assisted reproduction. In 2015, oocyte donation encompassed 9.8% of all Assisted Reproductive Technology (ART) cycles reported to the Society for Assisted Reproductive Technologies Clinic Outcome Reporting System (SART CORS) with an average live birth rate of 46.2% [2] . Although now a commonly used technique, data showing perinatal safety and outcomes of babies born following oocyte donation are still lacking. In women of advanced maternal age, there is a well-documented linear relationship between increasing age and risk of genetic abnormalities as well as obstetrical complications, such as preeclampsia, gestational diabetes, preterm delivery, small for gestational age, intrauterine growth restriction, and cesarean section [3] [4] [5] . However, the mechanisms underlying this age-related deterioration in neonatal and obstetric outcomes are unclear. Proposed mechanisms include poor oocyte quality resulting from ovarian aging, unfavorable uterine environment, co-morbidities associated with advanced maternal age, or a combination of these factors.
Mixed results have been found in previously published studies on perinatal outcomes from donor oocyte ART cycles. Dude et al. demonstrated an increased risk for preterm deliveries among donor oocyte recipient cycles. In that study, donor oocyte cycles were found to have a higher risk for small for gestational age newborns, but this was likely related to the higher proportion of preterm deliveries [6] . Similarly, other studies have found increased rates of prematurity in donor oocyte cycles [7] [8] [9] . Contrary to these findings, two agematched studies comparing women undergoing autologous or donor oocyte ART cycles found no difference in preterm deliveries or SGA; however, they were limited by small sample sizes [10, 11] . Notably, a recent meta-analysis found that donor oocyte cycles are at higher risk of adverse perinatal outcomes including preterm deliveries, SGA, and low birth weight [12] . However, the heterogeneous patient population and ART cycle characteristics included in these studies deter our interpretation of the data, leaving the above stated question of the impact of age on neonatal and obstetric outcomes unanswered.
The objective of this study is to compare the perinatal outcomes from singleton pregnancies in patients of advanced age (40-43 years of age) undergoing autologous frozen embryo transfers (a-FET) or embryo transfers using donor oocytes (d-FET). Only FET cycles were included in order to control for the uterine hormonal environment between the two groups. A narrow age range helped to control the general maternal health as a confounding factor in the analyses.
Patients and methods

Study design and population
After Institutional Review Board and SART Research Committee approval, a population-based historical cohort study of ART cycles from the SART CORS database from 2009 to 2013 was performed. Inclusion criteria were women 40-43 years of age undergoing a-FET or d-FET cycles. Cycles undergoing preimplantation genetic testing (PGT), cycles with more than 1 neonate born, neonates < 24 weeks or < 500 g or without recorded outcomes, were excluded. Variables analyzed included age, race, BMI, smoking status, etiology of infertility, maximum historical early follicular phase FSH, gravidity, parity, history of prior preterm births, number of embryos transferred, day of embryo transfer (cleavage vs. blastocyst stage), implantation rate, vanishing twins, clinical pregnancy rate, pregnancy loss rate, live birth rate, preterm birth rate, stillborn rate, small for gestational age, and number of live born babies. Small for gestational age (< 10% expected weight for gestational age) was obtained by using birth weight and controlling for the gestational age, using the World Health Organization weight percentiles calculator [13] . Preterm birth was defined as birth before 37 weeks of gestation and extremely preterm birth was defined as birth before 28 weeks of gestation. We controlled for the following confounding variables: age, BMI, smoking status, gravidity, prior full-term births, prior preterm births, number of embryos transferred, vanishing twins, blastocyst transfer, and single blastocyst transfer.
Outcome measures
The primary outcome measure was preterm birth rate. Secondary outcomes included the rates for small for gestational age, low birth weight, and pregnancy loss. A sub-analysis of patients undergoing single blastocyst transfer was performed.
Statistical analysis
Stata 12.1 was used for statistical analyses. Student's t test was used to compare continuous data that were normally distributed. Fisher's exact and Chi-square tests, as appropriate, were used to compare categorical data. Generalized Estimating Equations (GEE) were used to control for repeated cycles from a single patient and to control for possible confounders as listed above. Outcomes were reported as adjusted odds ratios (aOR) with 95% confidence intervals. Statistical significance was set at p < 0.05.
Results
Between 2009 and 2013, a total of 156,873 ART cycles were performed in patients 40-43 years of age. Of these, 21,637 were a-FET and 10,125 were d-FET cycles, resulting in 18,653 and 8447 transfers respectively. Demographic and ART cycle characteristics of patients who underwent embryo transfers are presented in Table 1 . Patients undergoing a-FET were slightly younger than patients undergoing d-FET cycles (41.1 ± 1.1 vs. 41.7 ± 1.1, p < 0.0001) and were less likely to be of the white race (44.3% vs. 48.4%, p < 0.001). Of note, in a-FET cycles, the age at the time of embryo cryopreservation that resulted in live births was even younger (39.6 ± 3.5), and 2.5% of these a-FET live births resulted from embryos frozen at maternal age of less than 35 years. Patients undergoing a-FET cycles were also less likely to undergo SET (16.3% vs. 21.7%, p < 0.0001) or blastocyst transfer (54.5% vs. 64%, p < 0.0001), and more likely to have a higher number of embryos transferred (1.8 ± 1.1 vs. 1.6 ± 0.9, p < 0.0001).
A total of 3602 clinical pregnancies (42.6% per transfer) were achieved in the d-FET group, resulting in 2669 live births and 870 pregnancy losses ( Tables 2 and 3 ). Compared to a-FET group, the d-FET group had higher preterm birth rates (22.8% vs 19.6%, p < 0.001) and higher rates of low birth weight (10.6% vs 6.8%, p < 0.0001) ( Table  2) . After adjusting for confounders, we found that the increased risk for preterm births and low birth weight in the d-FET group remained significant (aOR 1.33, 95% CI 1.02-1.75, and aOR 1.92, 95% CI 1.26-2.86, respectively) ( Table  3) . Interestingly, once the gestational age was taken into account for low birth weight cases, we did not find a difference in the rate for SGA between the d-FET and a-FET cycles (2.7% vs 2.2%, p = 0.24; aOR 1.75, 95% CI 0.85-3.70) (Tables 2 and 3) .
A sub-group analysis of patients undergoing single blastocyst transfers revealed that d-FET had higher live birth rate per transfer when compared to a-FET (d-FET vs a-FET 50.2% vs 44.9%, respectively; aOR 1.45, 95% CI 1.06-2.00). Pregnancy loss rates were similar among both groups (d-FET vs a-FET 18.3% vs 25.6%, respectively; aOR 1.09, 95% CI 0.64-1.92). Pregnancy outcomes were similar be- 
Discussion
To our knowledge, this is the first study comparing perinatal outcomes after FET cycles using autologous versus donor oocytes in an age-matched cohort. Our study shows that d-FET cycles resulted in a higher preterm birth rate and a higher rate of low birth weight than a-FET cycles. Interestingly, this effect was not seen when analyzing only cycles with single blastocyst transfers.
Previous studies have reported mixed results when comparing oocyte donor cycles with autologous cycles. A recent meta-analysis, including seven retrospective studies, reported that donor oocyte recipient cycles were at increased risks for preterm births (OR 1.45, 95% CI 1.20-1.77) and low birth weight (OR 1.34, 95% CI 1.12-1.60), when compared to fresh autologous cycles [12] . Two of the studies that were included in the meta-analysis compared frozen autologous embryo transfers and frozen donor embryo transfers. They found a higher risk of early preterm births (gestational age < 32 weeks) and higher risk of very low birth weight (< 1500 g) in the frozen donor embryo transfer group (OR 3.3, 95% CI 1.21-9.01; and OR 1.65, 95% CI 0.92-2.96, respectively) [12] . Another large SART CORS-based retrospective study on donor oocyte recipient cycles compared to fresh autologous IVF cycles found an increased risk of preterm births (aOR 1.28, 95% CI 1.12-1.46), but a decreased risk of low birth weight when adjusted for gestational age, aOR 0.72 (95% CI 0.58-0.89), and of perinatal death (aOR 0.29, 95% CI 0.09-0.94) [6] .
The strengths of our study include the following: (1) Large sample size, (2) Only FET cycles were included in order to control for the uterine hormonal environment, (3) A narrow age range (40-43 years of age) helped control for the general maternal health, and (4) Multiple possible confounding variables were controlled for in the final analyses, including age, BMI, smoking status, gravidity, prior full-term births, prior preterm births, number of embryos transferred, vanishing twins, blastocyst transfer, and single blastocyst transfer. Consistent with some of the previous studies, we also found an increased risk for low birth weight and preterm births in the d-FET cycles compared to a-FET cycles. Furthermore, although we found an increased risk of lower birth weight in the d-FET cycles, when the gestational age was considered, the SGA rates were similar between the two groups, indicating that the low birth weight was associated with the increase in preterm birth rate, in agreement with two previous studies [4, 7] . Interestingly, we found that single blastocyst transfer negated the above risks associated with Variables adjusted for in the analysis include age, BMI, smoking status, gravidity, prior full-term births, prior preterm births, number of embryos transferred, vanishing twins, blastocyst transfer, and single blastocyst transfer donor oocyte FET cycles, resulting in similar preterm birth and SGA rates as compared to a-FET cycles. Additionally, the pregnancy loss and live birth rates were similar in the two groups after single blastocyst transfers. These sub-group analysis findings indicated that embryo quality and quantity transferred is the determining factor for perinatal outcomes in women of advanced maternal age.
As a historical cohort study, our study has several limitations. Although ART outcome data submitted to SART CORS has been validated, recall bias very likely exists since all births and perinatal outcome data are self-reported. Further, most but not all clinics in the USA report to SART. Our study spans 5 years (2009-2013), during which different freezing and thawing techniques may have been used. Although it does not appear that vitrification and subsequent thawing affects perinatal outcomes [14] , we cannot confirm that all cycles underwent vitrification vs. slow freeze. We had limited access to perinatal outcomes and could not include other variables that may have a direct impact on gestational age at time of delivery such as gestational hypertension, preeclampsia, or gestational diabetes [15] [16] [17] . Another limitation is that we do not have information on the age of the patient at the time the embryos were frozen in a-FET cycles.
In conclusion, our study suggests that singletons resulting from d-FET are at increased risks for perinatal morbidity. This risk is however offset when a single blastocyst is transferred. These findings therefore support the use of single embryo transfer in donor oocyte recipient cycles, in accordance with recent ASRM guidelines [18] . Future research efforts are needed to investigate the exact mechanisms associated with higher perinatal morbidity in d-FET cycles as compared to a-FET cycles, but our findings suggest that embryo quality and quantity transferred are the main determining factors for perinatal outcomes in women of advanced maternal age.
